Figure 1. Trapping particles in air with counter-propagating optical vortices. (a) The scattered light from the agglomeration of carbon nanoparticles is clearly seen in the center. (b)
homogeneous intensity distribution in a large volume of the trap, which provided a solution to the stability problem.
We used clusters of carbon nanoparticles produced by a highrepetition-rate laser-ablation technique to illustrate trapping of nanoparticles in air. 5, 6 The nanoclusters were trapped and agglomerated in large chunks that could be collected from the trap for contents diagnosis. The size of the nanocluster aggregates varied from 0.1 to 10µm, depending on laser power.
The scheme offers two principal degrees of freedom for optical manipulation of trapped particles by changing the polarization and distance between the focal planes of two optical-vortex beams. This presents a unique possibility of using the vortex beam as an optical pipeline to transport absorbing particles over large distances in a gas.
Our approach provides a novel physical basis for previously unattainable optical manipulation. Selective trapping, guiding, and separation of airborne particles by noncontact optical means opens up diverse and rich practical opportunities for laser trapping of matter in gas, and allows simulating the processes studied in atmospheric and planetary sciences on laboratory scales. By measuring the trapping dynamics and threshold power, the method will allow access to physical characteristics of trapped particles with very small mass such as estimates of their thermal conductivity, optical absorption, and density.
The new approach will also be important in air-pollution and environmental-protection applications. Our challenges include developing photonic shielding and fencing for environmental protection in the nanotechnology industry and new methods of touch-free air transport of particles and small containers, which may hold dangerous substances or viruses and living cells.
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